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Abstract 

We evaluate the short- and long-term effects of different growth-enhancing policy 
measures implemented in the euro area by simulating a calibrated New Keynesian model 
featuring endogenous growth via the private sector's R&D accumulation. We find that higher 
public investment in infrastructures, pro-competition reforms in the product market, and 
subsidies to R&D have a positive effect on long-term growth and raise the natural rate of 
interest.  In the short term, these measures can have mildly negative effects on inflation 
through their positive effect on aggregate supply.  
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1 Introduction1

Labor productivity growth has significantly slowed in the euro area (EA)

since the global financial crisis. The slowdown is the continuation of a

downward trend in productivity growth common to the main industrialized

countries that has started in the mid-1990s.2

The long-term growth rate of the economy is relevant also for monetary

policy, because it affects the natural rate of interest, i.e., the level of the real

interest rate that is consistent with the economy growing at its potential rate,

and inflation being at the central bank’s target. A higher long-run growth

rate of the EA economy would contribute to increasing the natural rate,

currently estimated to be at historically low levels, and expand the room for

monetary policy to stabilize the short-run macroeconomic conditions.3

One possible way to enhance productivity growth is the adoption of

measures that, directly or indirectly, stimulate investment in research and

development (R&D).4 This is true in particular for the EA, because Eu-

ropean R&D expenditure has been persistently lower than in other main

advanced economies such as the United States (US) and Japan.5 More-

over, a long-run productivity slowdown cannot be excluded, if the Covid-19

pandemic shock has long-lasting consequences on economic activity through

scarring and hysteresis effects.

In this paper, we evaluate the short- and long-run macroeconomic effects

of EA-wide higher public investment in infrastructures, pro-competition

1The views expressed in this paper are those of the authors alone and should not be
attributed to the Bank of Italy or the Eurosystem. We thank two anonymous referees,
Michele Caivano, Paolo Del Giovane, Stefano Neri, and Luigi Federico Signorini for useful
comments. All remaining errors are ours.

2See European Central Bank (2017).
3See Neri and Gerali (2017) on natural rate estimates for the EA.
4IMF (2021), using citations of some 38 million US and European patents to scientific

articles, estimates that the effect of a 10% permanent increase in the stock of a country’s
own basic research is to increase productivity by 0.30%. According to estimates by IMF
(2018), R&D was the main source of labor productivity growth among advanced economies
over the 2004-14 period. Hall et al. (2013) use data on a large panel data sample of
Italian manufacturing firms and find that R&D is strongly associated with innovation and
productivity.

5European Commission (2020) stresses that research and innovation expenditure should
have a key role in supporting Europe’s recovery from the pandemic crisis. Within the
European Next Generation EU, EUR 93.72 billion will fund investment in research and
innovation (see European Commission, 2021). Policies aimed at boosting R&D investment
are therefore key for enhancing long-term growth prospects in the EA.
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structural reforms, and fiscal incentives for private sector’s investment in

R&D, by simulating a medium-scale New Keynesian model.6 Different from

the canonical New Keynesian model, we endogenize the long-run determi-

nants of growth by allowing for R&D accumulation in the private sector and

cross-firms knowledge spillovers, and assess the implications of changes in

R&D spending associated with the considered policy measures.7

We simulate a permanent increase in public investment spending in in-

frastructures, a permanent reduction in firms’ markup (associated with pro-

competition reforms in the product market), and a permanent increase in

subsidies to R&D investment.

Our results are as follows. Higher public investment, pro-competition

reforms in the product market, and subsidies to R&D have a positive effect

on long-run growth and raise the natural rate of interest (defined, consistent

with the literature, as the real interest rate in the version of the model

without nominal rigidities).8 In the short run, these measures can have

mildly negative effects on inflation through their positive effect on aggregate

supply. Our results are robust to changes in the parameters regulating the

sensitivity of R&D accumulation to public investment and degree of market

competition, and to alternative assumptions on the timing of the policy

measures.

Our paper contributes to the literature on the macroeconomic effects of

R&D spending. Our R&D setup builds on Bianchi et al. (2019), which con-

struct and estimate with US data an endogenous growth model with debt

and equity financing frictions, to study the relation between business cycle

fluctuations and long-term growth. The presence of spillover effects from

R&D implies an endogenous relation between productivity growth and the

state of the economy. Different from them, we calibrate our model to the EA

economy. Schmoller and Spitzer (2020) analyze the endogeneity of EA to-

tal factor productivity (TFP) and its role in business cycle amplification by

estimating with EA data a medium-scale dynamic stochastic general equi-

6We do not consider the case of public investment in R&D.
7The model is well-suited for the analysis of fiscal policy and other growth-friendly

measures such as those contained in the European Next Generation EU, which, however,
we do not explicitly consider here.

8Thus, the considered measure add space for monetary policy, which in the neighbor-
hood of the new steady state can respond to possible disinflationary shocks by reducing
the policy rate without hitting the effective lower bound (or hitting it with a lower prob-
ability). We do not run this type of analysis.
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librium model where TFP evolves endogenously as a consequence of costly

investment in R&D and adoption of new technologies. They find that the

endogeneity of TFP induces a high degree of persistence in EA business cycle

via a feedback mechanism between overall economic conditions and invest-

ment in productivity-enhancing technologies. Different from both Bianchi

et al. (2019) and Schmoller and Spitzer (2020), we focus on the short- and

long-run macroeconomic impact of specific policy measures. Jorda et al.

(2020) using data for a wide panel of countries provide empirical evidence

of persistent effects of monetary policy on the productive capacity of the

economy, and show that a small open economy New Keynesian model with

endogenous TFP growth (due to hysteresis effects) can reconcile such em-

pirical findings. Different from them, we endogenize TFP growth via R&D

accumulation and calibrate a closed-economy model to the EA. Canova and

Pappa (2021) estimate that an increase in the European Regional Devel-

opment Fund equal to 1% of regional gross value added makes the latter

jump, on average and cumulatively over three years, by 1%, while a simi-

lar increase in the European Social Fund leads to a 5% cumulative increase

in gross value added.9 They interpret such results using a New Keynesian

model with endogenous growth via R&D accumulation and human capital.

We consider different fiscal measures, including subsidies to R&D, and fo-

cus on R&D accumulation as a source of growth in our model. Cova et al.

(2021) evaluate the global macroeconomic effects of fiscal and monetary pol-

icy measures aimed at counterbalancing secular stagnation, by simulating

a five-region New Keynesian model of the world economy. Their model in-

cludes investment in R&D as a factor that affects global growth. They find

that a cross-country simultaneous increase in public investment and an ac-

commodative monetary policy enhance global growth. Different from them,

we focus on the alternative measures implemented in the EA economy.

The paper is organized as follows. The next section describes the model

setup and calibration. Section 3 reports the results. Section 4 concludes.

9The European Regional Development Fund aim is to foster innovation and research,
to favor the digital agenda, and to support small and medium-sized enterprises. The
European Social Fund aim is to support investments in education and health and to fight
poverty.
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2 Model

We develop a medium-scale New Keynesian model featuring endogenous

growth and calibrate it to the EA. Different from the standard New-Keynesian

setup, we allow for R&D accumulation, which permanently affects labor pro-

ductivity and, thus, long-run economic growth.

In this section, we first provide an overview of the model setup, then

report the key equations, i.e., those related to investment in R&D and to

central bank and fiscal authority decisions. Finally, we illustrate the cali-

bration of the model.

2.1 Overview

The economy is populated by households, firms producing final and inter-

mediate goods, a central bank, and a fiscal authority.

Households consume final goods and supply labor under monopolistic

competition to firms. Each household is a nominal wage setter, as she sets

the nominal wage taking into account labor demand by firms and subject to

quadratic nominal wage adjustment costs.10 Households invest in physical

capital, bonds, and – crucially – R&D. They rent, under perfect competition,

physical capital and R&D to firms in the intermediate sector.

On the production side, there is a continuum of firms that under perfect

competition produce final goods used for private consumption, government

consumption, private investment in physical capital, public investment in

infrastructures, and private investment in R&D. Moreover, there is a con-

tinuum of firms producing intermediate goods – which enter the final goods

bundle – under monopolistic competition using labor, private physical cap-

ital, and public capital stocks as inputs. The labor input is affected by a

technological trend, which positively depends on the accumulated stock of

R&D. Each firm is a price-setter, as it sets the price of its intermediate good

taking into account demand conditions and subject to quadratic price ad-

justment costs.11 Firms’ profits from monopolistic competition are rebated

10See Rotemberg (1982). Wages are also indexed to the previous-period consumer price
inflation rate and to the inflation target of the central bank, with corresponding weights
summing to one.

11See Rotemberg (1982). The same indexation scheme assumed for wages applies to
prices.
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in a lump-sum way to households.

The central bank sets the monetary policy rate according to a Taylor

rule, where the interest rate reacts to its previous value (to capture inertia

in the monetary policy conduct), current inflation rate, and quarterly output

growth.

The fiscal authority issues bonds and levies lump-sum taxes on house-

holds to finance public consumption, public investment in infrastructures,

and subsidies to R&D accumulation.

2.2 Production function

Each firm j in the intermediate goods sector produces in period t output

Yj,t according to the following production function

Yj,t = (Zj,tLj,t)
1−α−γ Kα

j,t−1K
γ
G,t−1, (1)

where Zj,t represents labor-augmenting technology, Lj,t is the labor input

(hours worked), Kj,t−1 is the beginning-of-period-t private physical capital

stock, α (0 < α < 1) is the output elasticity with respect to private capital,

KG,t−1 is beginning-of-period-t public capital stock in infrastructures, γ is

the output elasticity with respect to public capital (0 < γ < 1, α + γ < 1).

The public capital stock is taken as given by firms. Its accumulation is

exogenously chosen by the government and financed via taxes and/or public

debt.

2.3 R&D accumulation, long-run growth rate, and steady-

state natural rate of interest

The labor-augmenting technology Zj,t depends on the stock of R&D de-

manded by the individual firm j (R&Dj,t) and the economy-wide overall

stock (R&Dt):

Zj,t = (R&Dj,t)
η (R&Dt)

1−η , (2)

where (1 − η), with 0 < η < 1, measures cross-firm knowledge spillovers

associated with R&D (the smaller the parameter η, the larger the spillovers).

The stock of R&D is accumulated by households according to the following

9



equation:

R&Dj,t = (1 − δR&D)R&Dj,t−1

+κR&D

(
1 − ψR&D

2

(
IR&D,j,t

IR&D,j,t−1
− grt

)2
)
κiG

(
iG,t

iG

)αiG
κθ

(
θt

θ

)αθ
IR&D,j,t,

(3)

where the parameter δR&D (0 < δR&D < 1) measures the depreciation rate of

the R&D stock, the parameter ψR&D > 0 is the R&D investment adjustment

cost, and IR&D,j,t is investment in R&D.

The parameter κR&D measures the exogenous component of R&D in-

vestment efficiency. If it is lower than 1, only a fraction of the investment

accumulates into the R&D stock.

We allow efficiency of R&D investment to also have two endogenous

components, which aim at capturing the complementarity between R&D

accumulation and public investment in infrastructures, on the one hand,

and between R&D and market competition on the other hand.

The first term is κiG

(
iG,t
iG

)αiG
(κiG , αiG > 0 are parameters), which cap-

tures the dependence of the return on R&D investment on deviations of

the public investment-to-GDP ratio (iG,t) from its initial steady-state level

iG. As public investment increases above its initial steady-state level, the

stock of public capital increases too, which implies positive spillovers on pri-

vate sector R&D efficiency. Indirect evidence on this relation is reported by

Aschauer (1989a), which shows that a “core” infrastructure of, among the

others, streets, highways, and airports has a significant impact on produc-

tivity, and Aschauer (1989b), which documents a positive effect of public

spending for infrastructures on labor productivity growth.

In a similar way, the term κθ

(
θt
θ

)αθ
(κθ, αθ > 0 are parameters), cap-

tures the effect on the return on R&D investment of variations in the pa-

rameter θt relative to its initial steady-state level θ. Since θt denotes the

degree of substitutability among different varieties of intermediate goods,

an increase in its value reflects a more competitive goods market and a cor-

respondingly lower markup. As a result of more competition in the goods

market, R&D investment becomes more efficient. The latter effect can be

rationalized based on the evidence of Aghion et al. (2005). When compe-

tition is relatively low, a large fraction of firms tends to engage in R&D
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investment to escape competition of “neck-and-neck” incumbent firms that

operate at similar technologies. This is likely to be the case in an environ-

ment in which competition is relatively low, or in which there is space for

reforms aimed at reducing firms’ market power, as in the case of the EA.12

Relatedly, Bloom et al. (2013) using panel data for the US show that posi-

tive knowledge spillovers due to R&D quantitatively outweigh the negative

effect of R&D on a firm’s value due to product market rivalry. More gener-

ally, as noted by Bloom et al. (2019), while the net impact of competition

on innovation remains an open empirical question, existing empirical evi-

dence suggests that competition typically increases innovation, especially in

markets that initially have low levels of competition.

In our simulations we will consider a symmetric equilibrium, i.e., an

equilibrium featuring a representative household and a representative firm

in each sector. The (gross) growth rate of the aggregate labor-augmenting

technology Zt is defined as:

grt =
Zt
Zt−1

, (4)

where Zt is aggregate labor-augmenting technology in a symmetric equilib-

rium, i.e., an equilibrium featuring a representative household and a repre-

sentative firm for each sector.

Different from the standard New Keynesian model, the long-run steady-

state value of grt permanently changes if the model is perturbed by a perma-

nent shock. Thus, also the steady-state value of the policy rate permanently

changes, because, according the household’s Euler equation, the steady-state

relation between the policy rate and the technology growth rate is

Rt =
grtπ

β
, (5)

where Rt is the gross interest rate, grt the growth rate, π the central bank

gross inflation rate target, and β (0 < β < 1) a parameter measuring the

household’s deterministic discount rate. Throughout all simulated scenarios

we assume that the central bank inflation target is kept constant. Note

that in steady state the real interest rate corresponds to the natural rate of

12See also IMF (2019).
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interest

R
∗
t =

grt
β
, (6)

because we consider steady-state equilibria with flexible nominal wages and

prices.

2.4 Monetary policy

The central bank sets the policy rate Rt according to the monetary policy

rule:
Rt

Rt
=

(
Rt−1

Rt

)ρr (πt
π

)(1−ρr)ρπ ( yt
yt−1

)(1−ρr)ρy
. (7)

The parameters 0 ≤ ρr ≤ 1, ρπ > 0, ρy measure the sensitivity of the (gross)

policy rate to its lagged value (in deviations from the steady-state interest

rate), to the (quarterly) gross inflation rate (in deviation from the constant

target π), and to the quarterly gross growth rate of the cyclical (i.e., trend-

less) component of output yt, respectively.13 Thus, in our simulations the

monetary policy stance will be affected also by changes in the steady-state

nominal interest rate Rt associated with changes in the economy growth rate

grt (see Eq. 5). In some simulations, we allow for forward guidance (FG),

i.e., we assume that the central bank adopts an accommodative stance by

credibly announcing its commitment to keeping the policy rate at a low level

for a specified number of periods and, thereafter, it resumes to follow the

Taylor rule. FG is interesting as it shows how a change in the monetary

policy stance affects aggregate demand in the short-term.14

2.5 Fiscal policy

The government budget constraint is

BG,t−BG,t−1Rt−1 = IG,t+Gt+ (1 + τR&D,t)R
R&D
t R&Dt−TAXt−Tt, (8)

where BG,t is a one-period nominal bond that pays the (gross) monetary

policy interest rate Rt (BG,t > 0 is public debt). The variable IG,t is public

13The lagged interest rate ensures that the policy rate is adjusted smoothly and captures
the idea that the central bank prefers to avoid large changes in its policy instrument.

14We do not consider here the possible presence of an effective lower bound that limits
the room for manoeuvre of the central bank, nor the use of unconventional measures other
than FG.
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investment in infrastructure, Gt represents government purchases of goods

and services, τR&D,t > 0 is the subsidy rate to the return rate RR&D
t on

R&D stock, and TAXt > 0 are lump-sum taxes paid by households. Tt are

total government revenues from distortionary taxation:

Tt ≡ τw,tWtLt + τk,tR
k
tKt−1 + τc,tPtCt, (9)

where τw,t, τk,t, and τc,t are tax rates on labor income, capital income, and

consumption, respectively (0 ≤ τw,t, τk,t, τc,t ≤ 1). The accumulation law of

public capital KG is

KG,t = (1 − δKG)KG,t−1 + IG,t, (10)

where 0 < δKG < 1 is a parameter measuring the depreciation rate of public

capital, while IG,t is exogenously set.

The fiscal authority follows a fiscal rule defined on lump-sum taxes as

a percentage to output, tax, to bring the public debt as a percentage of

domestic output, bG > 0, in line with its long-run (steady-state) target b̄G.

The rule is
taxt
taxt−1

=

(
bG,t

b̄G

)φ1 ( bG,t

b̄G,t−1

)φ2
, (11)

where the parameters φ1, φ2 > 0 call for an increase (reduction) in lump-

sum taxes whenever the current-period public debt (as a ratio to GDP)

is above (below) the target and/or there is a positive (negative) change

in the debt-to-GDP ratio. We choose lump-sum taxes to stabilize public

finances as they are non-distortionary and, thus, allow for a clean evaluation

of the transmission of the shocks. The public debt-to-output target does not

change and, in particular, the public debt-to-output level is the same in the

initial and final steady-state equilibria.

2.6 Calibration

The model is calibrated to the EA economy at quarterly frequency. Table 1

reports the matched great ratios (private consumption, public consumption,

private investment in physical capital, public investment, private investment

in R&D, public debt, all as a percentage of GDP) in the initial steady-

state equilibrium (in the steady state, wages and prices are flexible and
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the adjustment costs on investment in physical capital and R&D are zero).

Long-run inflation is set to the EA central bank target (2% in net annual

terms). The steady-state growth rate is set to a relatively low value, 0.9%,

in line with empirical evidence. The implied nominal policy rate is 2.9%.

Table 2 contains the calibration of the parameters, chosen in line with

the literature and to match quantities reported in Table 1.

The discount factor is set to 0.99998, in order to obtain the desired level

of the natural rate, given the inflation target and the long-run technology

growth rate. The intertemporal elasticity of substitution is set to one (equiv-

alent to log-utility), consistent with the requirements for a balanced growth

path. Both the consumption habit persistence parameter and the Frisch

elasticity of labor supply are set to 0.75.

The elasticities of output with respect to private and public physical

capital in the Cobb-Douglas production function are set to 0.31 and 0.08,

respectively, to match the private and public investment-to-GDP ratios.

Specifically, the elasticity of output to public capital is in line with the

literature (see Elekdag and Muir, 2014 and Vetlov et al., 2017) and with

ample empirical evidence provided by Bom and Ligthart (2014).

The R&D spillover parameter, η, is set to 0.04, to match the R&D

investment-to-GDP ratio.15 The depreciation rates for private and public

physical and for R&D are set to 0.025 and 0.003, respectively. Investment

adjustment costs in physical capital are set to 2. Such value implies a re-

sponse of investment to a standard monetary policy shock in line with ev-

idence for the EA. The same value holds for the adjustment cost of R&D

investment. Concerning parameters regulating the sensitivity of R&D in-

vestment to public investment in infrastructures and market power, under

the chosen calibration, an increase in public investment or, alternatively,

pro-competition reforms has a medium-term effect on the level of the main

macroeconomic variables that is in line, for shocks of similar size, with those

reported in existing studies that use a similar model without endogenous

growth.16 In Section 3.6.1 we run a sensitivity analysis by changing the

15Bianchi et al. (2019) report an estimate of around 0.28 for the same parameter, using
data for the US. The R&D investment-to-GDP ratio is close to 3% in the US, as opposed
to 2% in our calibration, based on euro-area data.

16We have benchmarked, in particular, Burlon et al. (2017) and Busetti et al. (2019) for
the effects on the level of the main macroeconomic variables of an increase in public invest-
ment in Italy, and Ciapanna et al. (2020) for the corresponding effects of pro-competition

14



values of these parameters, which are characterized by some degree of un-

certainty.

Nominal price and wage rigidities parameters are set to 300 and 400,

respectively, whereas indexation to the previous-period consumer price in-

flation rate is set to 0.5 for both prices and wages. Such values correspond

to a probability of not adjusting prices and wages of 0.88 and 0.85, respec-

tively, in terms of Calvo (1983), in line with existing evidence for the EA

(see e.g. Coenen et al., 2018).

In the monetary policy rule, the interest rate smoothing parameter is set

to 0.87, the response to inflation to 1.9 and the response to output growth

to 0.15. Similar values are reported in Coenen et al. (2018).

In the fiscal rule, the parameters measuring the sensitivity of lump-sum

taxes to changes in public debt, φ1 and φ2, are set to 2.01 and 10.01, respec-

tively. The subsidy rate to R&D is set to zero. Finally, the consumption,

labor, and private physical capital tax rates are set to 0.2, 0.4 and 0.3,

respectively.

Table 3 reports the gross markups in the goods and labor markets, and

the corresponding elasticities of substitution among goods and labor services

varieties. Such values characterize the initial steady state of the economy.

3 Results

We study the following scenarios. We initially simulate an increase in pub-

lic investment spending equal to 1% of the EA (initial) steady-state GDP

level. Thereafter, we consider a 1 percentage point (pp) exogenous perma-

nent reduction in firms’ markup, associated with pro-competition reforms

in the goods’ market. Then we study the effects of a permanent increase

in subsidies to firms’ R&D. Finally, we simulate a mix of these three policy

measures. The analysis is conducted under alternative assumptions on the

central bank’s FG on the policy rate. In the cases of higher public invest-

ment, higher subsidies, and policy mix, it is assumed that the fiscal rule

is not active in the first three years and it is subsequently activated. The

fiscal rule is instead always active in the case of pro-competition reform. All

scenarios are run under perfect foresight. Thus, once each policy measure

reforms implemented in the Italian economy over the last decade.
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is announced in the first period of simulation, there is no uncertainty and

agents fully anticipate the future evolution of all variables in the economy.

At the end of the section, we report results of a sensitivity analysis. First,

we change the value of the parameters that regulate the dependence of R&D

accumulation on public investment and the degree of market competition,

as captured by Eq. (3). Second, we investigate how the main results change

when we assume that the policy measures are credibly announced, but im-

plemented with delay.

3.1 Permanent increase in public investment

We simulate a permanent increase in public investment equal to 1% of (pre-

shock) GDP. We consider three alternative scenarios: in the first one, public

investment is immediately increased in the first period of simulation; in the

second, the fiscal stimulus is gradually implemented over a one-year horizon;

in the third, the gradual implementation of the fiscal stimulus is accompa-

nied by an accommodative monetary policy stance, in the form of FG. As

we show in the following, the speed of implementation of the fiscal measure

is crucial for the determination of the response of the main macroeconomic

variables, since it affects the anticipation effect that characterizes forward-

looking households and firms. The case of FG is interesting as it shows

how a change in the monetary policy stance affects aggregate demand in the

short-term. Importantly, the long-run effects of the fiscal measure are the

same in the three alternative scenarios.

Figure 1 reports the responses of the main variables. When the in-

crease in public investment is immediately and fully implemented (red-

dashed lines), it stimulates both aggregate demand and aggregate supply.

The higher public capital stock makes labor, private physical capital, and the

R&D stock more productive, inducing firms to increase their demand for the

corresponding production factors in the medium term, in order to expand

production and meet the increase in demand. The consumption growth rate

gradually increases to its new long-run level, given the assumption of con-

sumption habit. The growth rate of private investment in physical capital is

initially negative, because households finance the increase in public invest-

ment and smooth consumption. The investment growth rate shows positive

values in the medium term. Investment in R&D initially mildly falls, and
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starts showing positive values in the medium term, when its return has suf-

ficiently increased. Inflation only mildly increases, as the higher aggregate

demand is matched by the expansion in aggregate supply. The policy rate

increases, consistent with the slightly higher inflation rate, and gradually

converges towards its new level.

When the increase in public investment is gradually implemented over a

one-year horizon (black solid lines), the overall effects on economic activity

are recessionary in the short term. As the increase in the public capital

stock is gradual, the corresponding positive spillover effects of public capital

accumulation on private capital, R&D, and labor productivity only materi-

alize in the medium-to-long term. Thus, investments in physical capital and

in R&D initially fall, because firms anticipate that the returns will be higher

in the future, once the public capital stock has increased. Consumption also

initially falls. As a result of a more muted and slower expansion in aggregate

demand, inflation falls. The monetary policy rate correspondingly increases

more slowly than in the case of a sudden increase in public investment.

Finally, in order to highlight the role of the monetary policy stance, we

consider the case of a gradual increase in public investment accompanied

by a three-quarter FG, in which the central bank credibly announces that

it will keep the policy rate fixed at its initial steady-state level in the first

three quarters (blue lines with circle).17 Thereafter, the profile of the policy

rate is dictated by the Taylor rule (Eq. 7).

Relative to the case of a gradual increase in public investment accom-

panied with standard monetary policy, the more accommodative monetary

policy stance limits the initial drop in consumption, investment in private

physical capital and, thus, output. R&D investment widely decreases ini-

tially, by virtually the same amount as under standard monetary policy.

The short-run output stabilization comes at the cost of a relative increase

in consumer price inflation. Once the Taylor rule starts operating, in the

fourth quarter, the evolution of macroeconomic variables tends to overlap

with the one observed without FG, and the two perfectly overlap in the long

run.18

17We keep the duration of FG deliberately short, in order to avoid the so-called “FG
puzzle”.

18A sudden increase in public investment coupled with a three-quarter FG (not reported)
favors an immediate expansion in aggregate demand and inflation, larger than in the case
of standard monetary policy.
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Table 4 reports the long-run results. Conditionally to the increase in

public investment, the new growth rate of the economy is equal to 1.2% in

annual terms (0.9% in the initial steady state). The policy rate consistent

with the new higher long-run growth rate of the economy is equal to 3.2%,

0.3 percentage points higher than in the initial steady state. The (real)

natural rate, which is equal to the nominal interest rate net of the inflation

rate, correspondingly increases to 1.2%.19

3.2 Permanent firms’ markup decrease

We assess the macroeconomic effects of a pro-competition reform that per-

manently reduces firms’ markup in the intermediate goods sector by 1 per-

centage point, from 1.20 to 1.19, over a one-year period. As in the case of

an increase in public investment, comparing a one-year implementation to

a reform suddenly implemented helps clarify the role of the speed of imple-

mentation of the considered measure in determining the short-term response

of the main macroeconomic variables. The shock is implemented by increas-

ing the parameter measuring the elasticity of substitution among brands, θ,

from 6 (corresponding to a net mark-up of 20% in the initial steady-state,

see Table 3) to 6.264 (corresponding to a net mark-up of 19% in the final

steady-state).

Figure 2 reports the responses of the main macroeconomic variables

(black-solid lines).20 The markup reduction has, ceteris paribus, a negative

effect on prices and, thus, inflation. The latter decreases in a hump-shaped

way, because of partial indexation of prices to previous inflation. After

the initial decrease, inflation gradually returns to its long-run level (which

coincides with the central bank target, assumed to be constant at 2% in

annualized terms).

The lower price level makes goods cheaper and increases real wages

and the return on physical capital. Thus, households increase consumption

and investment in physical capital favoring higher production and economic

19Reported results rest on the assumption that the public investment programme is
implemented efficiently. A similar assumption holds for subsidies to R&D investment (see
below). We leave the analysis of the consequences of possible delays and inefficiencies in
the implementation of such measures for future research.

20The short-run markup, which is affected by nominal rigidities, decreases in a more or
less gradual way, depending on the scenario, towards its new steady-state level. We do
not report its response to save on space.
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growth. The growth rate of R&D investment initially decreases because

firms substitute labor and physical capital for the R&D stock in the produc-

tion process, since output has a larger elasticity with respect to the former

two inputs. After one year, the R&D investment growth shows values above

its initial steady state.

The monetary policy rate stays roughly constant at its initial level in the

short run, as dictated by the Taylor rule (Eq. 7), as a result of two opposite

forces, i.e., the lower inflation and the new higher steady-state level of the

nominal rate, R̄t.

To highlight the role of the timing of the reform, Figure 2 also shows

the case of the reform being suddenly and entirely implemented in the first

quarter of simulation (red-dashed lines). Compared to the case of gradual

implementation, there is a larger initial increase in growth rates, which sub-

stantially overshoot their new long-run values. The impact response of R&D

investment growth becomes positive and favors the immediate increase in

the technology growth rate. The fall in inflation is smaller and its return to

the target quicker, because of the larger improvement in aggregate demand.

Consistently, the monetary policy rate increases at a faster pace.

Different from the case of an increase in public investment, in both the

gradual and the sudden implementation of the reform, the interest rate does

not immediately increase in response to higher inflation, but rather remains

constant in the first year. In order to emphasize the importance of the

monetary policy stance to counteract disinflationary pressures in the short

run, Figure 2 also reports the case in which, in the face of a 1-year im-

plementation, the central bank stabilizes the inflation rate at the target by

announcing in period 1 a reduction in the monetary policy rate by 15 an-

nualized basis points (bp) that will last three quarters (blue-dotted lines).21

The expansionary stance further stimulates aggregate demand by reducing

the real interest rate in the short run. As a result, the short-term growth

rates of output, consumption and investment are larger than in the case of

standard monetary policy.

In the long run, all real variables converge to a new balanced growth

path characterized by a higher technology growth rate, equal to 1.1% on

21The reduction of the policy rate is implemented through (monetary policy) shocks
to the Taylor rule in the first three quarters. The quarter-2 and quarter-3 shocks are
anticipated by households in the initial quarter, while quarter-1 shock is a surprise.
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an annual basis (it is equal to 0.9% in the initial steady state, see Table

4). While the higher level of the cyclical component of all variables directly

reflects the reduction in the steady-state markup, the permanently higher

growth rate is due to the increase in R&D expenditure, driven by the higher

return. The policy rate increases from 2.9% in the initial steady state to

3.1% in the new steady state, consistent with the higher long-run growth rate

of the economy, as illustrated by Eq. (5). The natural rate correspondingly

increases from 0.9% to 1.1%.22

3.3 Permanent increase in subsidies to R&D

Figure 3 reports the responses to an increase in public subsidies to R&D.

The size of the fiscal shock is calibrated to generate an increase in the ratio

of R&D investment to the initial GDP level of 0.5 percentage points in the

medium-to-long term, from 2% in the initial steady state to 2.5% in the final

steady state.

The corresponding increase in public subsidy spending, as a ratio of the

initial steady-state level of GDP, amounts to 0.6%. The subsidy rate τR&D,t

increases from 0% to 28%.

In the case of a sudden increase, immediately and fully implemented

(red-dashed lines), firms expand their investment in R&D, whose relative

return is directly and positively affected by the subsidy, and substitute it

for investment in physical capital and labor, which decrease in the short

run and subsequently rise above their corresponding steady-state values in

the medium run, once the technology improvement induced by larger R&D

spending has displayed its effect on labor productivity. Consumption growth

gradually increases to its new long-run value, reflecting the increase in house-

holds’ permanent income.

Firms face an increase in labor productivity and, thus, a reduction in

their production costs, which is passed-through to lower prices and lower

inflation. The supply-side expansion is not matched by an equal increase

22Markup shocks are usually not included in the computation of the natural rate in
standard New Keynesian models, as they are inefficient. However, in our setup, a markup
shock such as the one related to pro-competition reforms affects R&D accumulation and
technology via Eq. (3) and therefore implies a change in the long-run growth rate of the
economy that can be considered as “efficient”. For this reason, we include the markup
shock among the determinants of the natural rate.
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in aggregate demand. Thus, inflation slightly decreases in the short run

to restore the equilibrium in the goods market. In fact, the increase in

R&D incentives works very similarly to a technology shock. As a result,

while the increase in public spending (subsidies to R&D investment) sustains

aggregate demand, it also favours a sufficiently large, permanent expansion

in aggregate supply, which offsets the former effect and drives the short-term

fall in inflation.

Inflation decreases also because of the central bank’s response to the

shock. The central bank very gradually raises the policy rate to the new,

higher long-run value.

In the case of a 1-year implementation (black solid lines), the dynamics

are virtually identical to those observed in the case of a sudden implemen-

tation. The reason is that R&D accumulation (see Eq. (3)) reflects the ex-

pected sum of current and discounted future returns, which does not greatly

change among the two considered cases.23

Finally, Figure 3 also reports the case of 1-year implementation assuming

that the central bank stabilizes the inflation rate at the target by announcing

in period 1 a reduction in the monetary policy rate by about 10 annualized

bp that will last three quarters (blue-dotted lines). The expansionary stance

counteracts deflationary pressures and further stimulates aggregate demand

by reducing the real interest rate.

In the long run, the growth rates of GDP and its components stabilize at

the common permanently higher value of 1.5%, 0.6 percentage points higher

than the pre-shock value (see Table 4). The policy rate new, higher long-

run value is equal to 3.5% (+0.6 percentage points compared to the initial

steady state). The natural rate of the economy increases to 1.5%, consistent

with the increase in the economy’s growth rate.

3.4 The policy mix

We now evaluate the macroeconomic effects of the simultaneous implemen-

tation of the three previously considered measures. Specifically, public in-

vestment permanently increases by 1 percentage point as a ratio to the initial

23Differences would arise if we compared a sudden implementation with an implemen-
tation over a three-year (or longer) horizon. Results are not reported to save on space,
they are available upon request.
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GDP level, the markup in the goods’ market permanently declines by 1 per-

centage point (from 1.20% to 1.19%), and subsidies to R&D investment are

increased by the same amount previously considered (i.e., such that, when

the subsidy increase is implemented in isolation, R&D investment increases

by 0.5 percentage points in the long run as a ratio of the initial GDP level). It

is assumed, for simplicity, that the measures are immediately implemented.

Figure 4 reports the results. We initially consider the cases of a standard

monetary policy (black solid lines) and a 2-quarter FG (red-dashed lines).24

The mix has expansionary effects on economic activity in the short run.

Moreover, inflation decreases less than in the case of pro-competition reforms

and subsidies to R&D implemented individually, because public investment

stimulates aggregate demand and, thus, partially offsets the short-run disin-

flationary forces associated with higher competition and subsidies to R&D.

Inflation is stabilized around its target if the central banks initially keeps

the policy rate constant at its baseline level instead of raising it (2-quarter

FG). The lower current and future real interest rates favor private demand

for consumption and investment. The additional rise in aggregate demand

offsets to a larger extent the current and expected increase in aggregate

supply.

Finally, in order to highlight the role of the increase in public invest-

ment in sustaining aggregate demand and inflation in the short term, we

also report the case in which the policy mix only consists of the decline in

the markup in the goods’ market and the increase in subsidies to R&D, but

public investment does not vary, i.e., it is kept constant at its baseline level

(blue-dotted lines). The fall in inflation is larger compared to the bench-

mark scenario. The response of consumption is more muted, while private

investment falls by less, as households do not have to finance the increase

in public investment. Importantly, under this composition of the policy

mix, a 2-quarter FG is no longer sufficient to stabilize inflation (green line

with crosses). Hence, the support provided by public investment provides a

favorable interaction with monetary policy.

As reported in Table 4, the long-run macroeconomic effects are expan-

sionary, since all the measures individually considered favor an increase in

24We consider 2 quarters of FG, instead of 3, in order to be conservative and avoid
possible overreactions related to the FG puzzle, given the larger size of the shock compared
to the previous single-measure scenarios.
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long-run growth rate of the economy. The long-term increase in the technol-

ogy growth rate is equal to 1 percentage point, slightly larger than the sum

of the individual effects of each reform, as a reflection of the endogenous

growth mechanism activated by higher R&D investment. Both the nominal

interest rate and the natural rate correspondingly increase by 1 percentage

point in the new steady state.

Overall, the ingredients of a growth-enhancing policy mix are crucial for

its short-term expansionary impact on economic activity and, importantly,

on inflation. A mix that sufficiently stimulates aggregate demand can limit

the negative effects on inflation. In this respect, also the monetary policy

stance can play a key role.

3.5 Natural rate of interest, output gap, and monetary pol-

icy stance

Figure 5 reports, for each of the four scenarios, the corresponding responses

of three variables that are crucial from a monetary policy perspective: the

ex-ante real interest rate, i.e., the difference between the nominal interest

rate and the expected next-period inflation rate, which is the key determi-

nant of consumption and savings decisions; the natural rate of interest, de-

fined as the interest rate that would prevail in an economy without nominal

price and wage rigidities; the output gap, defined as the difference between

the level of output in presence of sticky nominal price and wage rigidities

and the level of output in the absence of nominal rigidities (both types of

output are computed as % deviations from the common initial steady-state

level).25

The real interest rate increases above its initial steady-state level in all

scenarios, unless the central bank provides monetary accommodation by

either implementing FG on the policy rate, or stabilizing the inflation rate

(blue lines with circles). The accommodative stance is captured by the fall

in the real interest rate.

The natural rate of interest always increases in the long-run, reflecting

the expansionary nature of all measures, which permanently increase out-

25See, among the others, Del Negro et al. (2017), Barsky et al. (2014), and Justiniano et
al. (2011) for a discussion of the definitions of the natural rate of interest rate in standard
New Keynesian models (which do not feature endogenous growth).
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put growth. Its short-term dynamics depend on the specific assumptions

underlying each scenario.

The output gap is generally positive in the short run, because higher

aggregate demand stimulates economic activity under nominal rigidities. It

becomes negative in the medium run when supply-side effects dominate and

affect mainly the flexible-price (and wage) version of the economy.26

In the case of a sudden permanent increase in public investment (red-

dashed line), the natural rate overshoots its new long-run level. The output

gap increases, which reflects the initial expansion in aggregate demand.

In the case of a 1-year implementation of the public investment perma-

nent increase (black solid line), the natural rate initially decreases below

both its initial and final level. As aggregate demand initially falls (see Fig-

ure 2), the output gap is negative. The output gap is positive in the case

of 3-quarter FG, which stimulates aggregate demand and, thus, economic

activity in the nominal rigidities economy.27

In the case of a permanent decrease in firms’ markup, the natural rate

of interest increases in the long run.28

The short-term response reflects the speed of implementation of the re-

form and the corresponding response of the output gap. When the reform

is suddenly implemented, both aggregate supply and aggregate demand in-

crease. The natural rate falls, because savings are higher than investment

and the equilibrium has to be restored. In the case of a 1-year implementa-

tion, the expansion in aggregate supply does not fully materialize in the ini-

tial periods. Nonetheless, aggregate demand immediately reacts because of

households and firms anticipating the new future permanent higher income.

Thus, there is excess investment relative to saving and, in equilibrium, the

natural rate has to increase to partly counteract the increase in aggregate

demand.29

26In both the initial and final steady states the output gap is closed, i.e., it is equal to
zero.

27There is no distinction between the response of the natural rate in the benchmark
case (black solid line) and in the case of 3-quarter FG, since the latter has no effect in the
economy without nominal rigidities.

28IMF (2019) reports that, across the 2000s, market power has risen in advanced
economies, thus reducing the natural (real) rate of interest because of a lack of investment,
and thereby making the effective lower bound on policy interest rates more binding. Our
results are in line with such evidence, because the natural rate increases in correspondence
of a lower market power.

29If we followed the standard definitions of natural rate and output gap in the New
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With a permanent increase in subsidies to R&D investment, the natural

rate gradually increases towards its new long-term level. The output gap

is negative (except in the initial periods, in the case of monetary policy

accommodation).

Finally, in the policy mix scenario, the natural rate increases. When

the permanent increase in public investment is included (black solid lines),

the mix stimulates aggregate demand (as illustrated above), which expands

more than aggregate supply. The output gap raises in the short run and the

natural rate overshoots its new long-run level. If the policy mix does not

include a permanent increase in public investment, the sustain to aggregate

demand is largely reduced and the natural rate increases to a smaller extent.

The output gap raises in the short run.

Overall, the considered policy measures raise the natural rate of interest.

Thus, compared to the initial steady state, in the new steady state the cen-

tral bank has more space to reduce the policy rate to stabilize the economy

in the aftermath of possible disinflationary shocks.

3.6 Sensitivity analysis

3.6.1 The role of R&D accumulation and the related parameters

In the following we reduce the values of the parameters that regulate the

dependence of R&D accumulation on public investment and the degree of

market competition, i.e. αiG and αθ in Eq. (3), by one order of magnitude

with respect to the benchmark calibration, setting αiG = 0.2 (from αiG = 2)

and αθ = 0.04 (from αθ = 0.4), respectively.

Figures 6 and 7 report the results for the policy mix scenario, i.e. the

simultaneous implementation of higher public investment, firms’ markup

decrease, and increased subsidies to R&D.

A lower value of αiG implies, ceteris paribus, a smaller effect of higher

public investment on R&D accumulation. In fact, the red-dashed lines in

Figure 6 closely resemble the blue and green lines in Figure 4, which corre-

spond to the case of a policy mix without an increase in public investment.

Keynesian literature, which do not consider markup shocks because they are inefficient,
the responses of the natural rate and flexible-price output would be equal to zero and, thus,
the response of the output gap would coincide with the response of output in presence of
nominal rigidities (see Figure 2).
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As variations in the public investment-to-GDP ratio now only mildly in-

fluence R&D accumulation, the overall macroeconomic effects of the policy

mix are smaller compared to the benchmark case (black solid line in Figure

6).

Turning to the effect of increasing competition on R&D accumulation,

the blue-dotted lines in Fig. 6 report the case of αθ = 0.04. Results are quali-

tatively similar, but quantitatively more muted, compared to the benchmark

case.

Figure 7 reports the (ex-ante) real interest rate, the natural rate of in-

terest, and the output gap. As the overall macroeconomic effects are more

muted, both the real and the natural rate of interest increase by a smaller

amount compared to the benchmark case. The output gap initially increases

by less, reflecting the more muted response of aggregate demand in the short

term, and subsequently falls by a smaller amount in the medium-to-long

term, because of the smaller effects on long-term economic growth.

Table 5 reports the long-run results. A lower αiG implies that the in-

crease in long-run growth, policy rate and natural rate of interest amounts

to 0.9pp, as opposed to 1.2pp under the benchmark calibration.

Under the assumption of lower αθ the corresponding long-run increase

is 1.

Finally, when we reduce both αiG and αθ, the overall effect of the policy

mix on growth amounts to 0.7pp, about half a percentage point less than in

the benchmark case. Still, as under the benchmark calibration, the growth

rate in the new steady state is close to 1.0pp higher than in the initial one.

Overall, the macroeconomic effects of the policy mix are robust to changes

in the parameters regulating the effects of public investment and market

power on R&D accumulation.

3.6.2 The timing of implementation

In the benchmark simulations (and in the ones illustrated above), it is as-

sumed that all policy measures are credibly announced in the first period

of simulation, and subsequently implemented, either suddenly, or gradually

within one year. In the following we assume instead that, while in the first

period the policymaker announces the size and composition of the policy
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package, it is also announced that all measures will start to be implemented

with some delay. The latter assumption captures, in a stylized way, the

possible presence of regulatory or red-tape restrictions that avoid a swift

implementation of the announced policy measures.30

Figures 8 and 9 report the results for the policy mix scenario.

While the long-run effects on technology and output growth and interest

rates are unchanged, the short-run responses are affected by the postponed

implementation. Compared to the benchmark case of sudden implementa-

tion (black solid line in Figure 8), when the announcement also includes a

2-quarter (red-dashed line) or 3-quarter (blue-dotted line) delay, the very

short-term dynamics is affected. As agents foresee a larger productivity

of R&D investment in the future, when public investment will be higher,

market competition will increase, and subsidies to R&D will be higher too,

they postpone R&D investment and consumption, and increase savings. A

weaker aggregate demand drives inflation further down, which triggers a re-

duction in the monetary policy rate. The latter is slightly more pronounced

with a more delayed implementation of the policy mix. Output growth,

output gap and the natural rate of interest increase with a corresponding

delay. After about three years, the dynamics of all macroeconomic variables

is very close to the one observed in the benchmark case.

4 Conclusions

We have evaluated the macroeconomic impact of different growth-enhancing

policy measures in the EA, through their effects on investment in R&D.

All considered measures – higher public investment in infrastructures,

pro-competition reform, and subsidies to R&D – have a positive effect on

growth. The permanently higher growth raises the natural rate. In the short

run, these measures can have a mildly negative effect on inflation, because

they favor an expansion in aggregate supply.

Our work can be extended along several dimensions. First, we could

consider a multi-country setup of the EA and evaluate the domestic and

cross-country macroeconomic effects of measures implemented at country

30Importantly, the delay between announcement and beginning of implementation is
perfectly anticipated by all agents in the economy. We leave the analysis of possible
uncertainty about the timing (and composition) of the policy measures for future research.
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level or coordinated across countries. Second, the setup could be enriched

to assess the macroeconomic and environmental impacts of an increase in

R&D spending in environmentally-friendly technologies, possibly financed

by a carbon tax. Third, we could introduce in the model also human cap-

ital and assess the macroeconomic effects of policy measures that, directly

or indirectly, favor its accumulation. Fourth, we could allow for changes

in distortionary taxation, instead of changes in lump-sum taxes, to finance

higher public investment in infrastructures and subsidies to R&D and, thus,

introduce some trade-offs, which could be optimally solved by a welfare-

maximizing social planner. Finally, our framework is well-suited for the

analysis of fiscal policy and other growth-friendly measures such as those

contained in the European Next Generation EU. In this respect, it is impor-

tant to take into account lags and inefficiencies in the decision and imple-

mentation phases that can reduce, in the short run at least, the effectiveness

of R&D subsidies and public investment spending.31 We leave these issues

for future research.

31See Busetti et al. (2019) for the case of public investment effectiveness in Italy.

28



References

Aghion, Philippe, Nick Bloom, Richard Blundell, Rachel Griffith,

and Peter Howitt, “Competition and Innovation: an Inverted-U Rela-

tionship,” The Quarterly Journal of Economics, 2005, 120 (2), 701–728.

Aschauer, David Alan, “Is public expenditure productive?,” Journal of

Monetary Economics, March 1989, 23 (2), 177–200.

, “Public investment and productivity growth in the Group of Seven,”

Economic Perspectives, 1989, 13 (Sep), 17–25.

Barsky, Robert, Alejandro Justiniano, and Leonardo Melosi, “The

Natural Rate of Interest and Its Usefulness for Monetary Policy,” Amer-

ican Economic Review, May 2014, 104 (5), 37–43.

Bianchi, Francesco, Howard Kung, and Gonzalo Morales, “Growth,

slowdowns, and recoveries,” Journal of Monetary Economics, 2019, 101

(C), 47–63.

Bloom, Nicholas, John Van Reenen, and Heidi Williams, “A Toolkit

of Policies to Promote Innovation,” Journal of Economic Perspectives,

Summer 2019, 33 (3), 163–184.

, Mark Schankerman, and John Van Reenen, “Identifying Technol-

ogy Spillovers and Product Market Rivalry,” Econometrica, July 2013, 81

(4), 1347–1393.

Bom, Pedro R.D. and Jenny E. Ligthart, “What Have We Learned

From Three Decades Of Research On The Productivity Of Public Capi-

tal?,” Journal of Economic Surveys, December 2014, 28 (5), 889–916.

Burlon, Lorenzo, Alberto Locarno, Alessandro Notarpietro, and

Massimiliano Pisani, “Public investment and monetary policy stance

in the euro area,” Temi di discussione (Economic working papers) 1150,

Bank of Italy, Economic Research and International Relations Area De-

cember 2017.

Busetti, Fabio, Cristina Giorgiantonio, Giorgio Ivaldi, Sauro Mo-

cetti, Alessandro Notarpietro, and Pietro Tommasino, “Capital

and public investment in Italy: macroeconomic effects, measurement and

29



regulatory weaknesses,” Questioni di Economia e Finanza (Occasional Pa-

pers) 520, Bank of Italy, Economic Research and International Relations

Area October 2019.

Calvo, Guillermo A., “Staggered prices in a utility-maximizing frame-

work,” Journal of Monetary Economics, September 1983, 12 (3), 383–398.

Canova, Fabio and Evi Pappa, “What are the likely macroeconomic

effects of the EU Recovery Plan?,” mimeo 2021.

Ciapanna, Emanuela, Sauro Mocetti, and Alessandro Notarpietro,

“The effects of structural reforms: Evidence from Italy,” Temi di discus-

sione (Economic working papers) 1303, Bank of Italy, Economic Research

and International Relations Area November 2020.

Coenen, Gunter, Peter Karadi, Sebastian Schmidt, and Anders

Warne, “The New Area-Wide Model II: an extended version of the ECB’s

micro-founded model for forecasting and policy analysis with a financial

sector,” Working Paper Series 2200, European Central Bank November

2018.

Cova, Pietro, Alessandro Notarpietro, Patrizio Pagano, and Mas-

similiano Pisani, “Secular Stagnation, R&D, Public Investment, And

Monetary Policy: A Global-Model Perspective,” Macroeconomic Dynam-

ics, July 2021, 25 (5), 1267–1287.

Del Negro, Marco, Domenico Giannone, Marc Giannoni, and An-

drea Tambalotti, “Safety, Liquidity, and the Natural Rate of Interest,”

Brookings Papers on Economic Activity, 2017, 48 (1 (Spring), 235–316.

Elekdag, Selim and Dirk V. Muir, “Das Public Kapital; How Much

Would Higher German Public Investment Help Germany and the Euro

Area?,” IMF Working Papers 14/227, International Monetary Fund De-

cember 2014.

European Central Bank, “Economic Bulletin Issue 3–Article The slow-

down in euro area productivity in a global context,” Technical Report,

European Central Bank 2017.

30



European Commission, “The role of research and innovation in support

of Europe’s Recovery from the COVID-19 crisis,” R&I paper series policy

brief, European Commission 2020.

, “The EU’s 2021-2027 long-term Budget and NextGenerationEU – Facts

and Figures,” Technical Report, European Commission 2021.

Hall, Bronwyn H., Francesca Lotti, and Jacques Mairesse, “Ev-

idence on the impact of R&D and ICT investments on innovation and

productivity in Italian firms,” Economics of Innovation and New Tech-

nology, April 2013, 22 (3), 300–328.

IMF, “Is productivity growth shared in a globalized economy?,” World

Economic Outlook Chapter 4, International Monetary Fund 2018.

, “The Rise of Corporate Market Power and its Macroeconomic Effects,”

World Economic Outlook Chapter 2, International Monetary Fund 2019.

, “Research and innovation: fighting the pandemic and boosting long-term

growth,” World Economic Outlook Chapter 3, International Monetary

Fund 2021.

Jorda, Oscar, Sanjay R. Singh, and Alan M. Taylor, “The Long-

Run Effects of Monetary Policy,” NBER Working Papers 26666, National

Bureau of Economic Research, Inc January 2020.

Justiniano, Alejandro, Giorgio Primiceri, and Andrea Tambalotti,

“Investment Shocks and the Relative Price of Investment,” Review of

Economic Dynamics, January 2011, 14 (1), 101–121.

Neri, Stefano and Andrea Gerali, “Natural rates across the Atlantic,”

Temi di discussione (Economic working papers) 1140, Bank of Italy, Eco-

nomic Research and International Relations Area September 2017.

Rotemberg, Julio J., “Monopolistic Price Adjustment and Aggregate

Output,” Review of Economic Studies, October 1982, 49 (4), 517–31.

Schmoller, Michaela and Martin Spitzer, “Endogenous TFP, business

cycle persistence and the productivity slowdown in the euro area,” Work-

ing Paper Series 2401, European Central Bank May 2020.

31



Vetlov, Igor, Marien Ferdinandusse, Jasper de Jong, and Josip

Funda, “The effect of public investment in Europe: a model-based as-

sessment,” Working Paper Series 2021, European Central Bank February

2017.

32



Table 1: Initial steady-state equilibrium

Variable Value

Inflation rate (400*(π-1)) 2.0
Technology growth rate (400*(gr − 1) 0.9

Nominal interest rate (400*(R-1)) 2.9
Real interest rate 0.9

Private consumption 57.0
Public consumption 20.0
Private investment in physical capital 18.0
Public investment in physical capital 3.0
R&D investment 2.0

Public debt 96.0
Note: inflation, growth, and interest rates are reported as net

annualized percentage point values. Private consumption,

public consumption, private and public investment, R&D

investment as % of GDP. Public debt as % of annualized

GDP.
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Table 2: Calibration

Parameter Symbol Value

Preferences
Discount factor β 0.99998
Intertemporal elasticity of substitution σ 1.0
Habit in consumption h 0.75
Frisch labor elasticity τ 0.75

Technology
Output elasticity wrt private capital α 0.31
Output elasticity wrt public capital γ 0.08

Private capital depreciation rate δK 0.025
Private capital investment adjustment cost 2.0
Public capital depreciation rate δKG 0.025

R&D spillover on trend productivity η 0.04
R&D depreciation rate δR&D 0.003
R&D investment adjustment cost scaling parameter κR&D 1.0
Sensitivity of R&D to public investment: scaling parameter κiG 0.2
Sensitivity of R&D to public investment: exponent αiG 0.4
Sensitivity of R&D to goods market competition: scaling parameter κθ 1.0
Sensitivity of R&D to goods market competition: exponent αθ 2.0

Nominal rigidities
Price stickiness (Rotemberg) kp 300
Wage stickiness (Rotemberg) kw 400
Inflation indexation to previous inflation ι 0.50
Wage indexation to previous inflation ιw 0.50

Monetary policy
Interest rate smoothing ρr 0.87
Response to inflation ρπ 1.90
Response to output growth ρy 0.15

Fiscal policy
Response to changes in the level of the debt-to-GDP ratio φ1 2.01
Response to changes in the growth rate of the debt-to-GDP ratio φ2 10.01
Consumption tax rate τc 0.2
Labor tax rate τw 0.4
Physical capital tax rate τrk 0.3
R&D subsidy τR&D 0.0
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Table 3: Gross markups (initial steady-state equilibrium)

Markup (elasticity of substitution)

Intermediate goods 1.20 (θ = 6.0)
Labor varieties 1.33 (θw = 4.3)

Table 4: Growth-enhancing measures: long-run effects

gr R R∗

(1): Initial steady state 0.9 2.9 0.9
(2): Increase in public investment 1.2 3.2 1.2
difference (2)-(1) 0.3 0.3 0.3
(3): Pro-competition reform 1.1 3.1 1.1
difference (3)-(1) 0.2 0.2 0.2
(4): Incentive to R&D investment 1.5 3.5 1.5
difference (4)-(1) 0.6 0.6 0.6
(5): Policy mix 2.1 4.2 2.1
difference (5)-(1) 1.2 1.2 1.2

Note: gr is the long-run growth rate; R is the nominal interest rate in levels, R∗ is

the natural (real) rate of interest in levels. All are in annualized percentage points.
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Table 5: Sensitivity. The policy mix: long-run effects

gr R R∗

(1): Benchmark
difference w.r.t. initial steady state 1.2 1.2 1.2
(3): Lower sensitivity of R&D to public investment: αiG = 0.04
difference (3)-(1) -0.3 -0.3 -0.3
(2): Lower sensitivity of R&D to goods market competition: αθ = 0.2
difference (2)-(1) -0.2 -0.2 -0.2
(4): Lower sensitivity of R&D to both: αθ = 0.2 and αiG = 0.04
difference (4)-(1) -0.5 -0.5 -0.5

Note: gr is the long-run growth rate; R is the nominal interest rate in levels, R∗ is

the natural (real) rate of interest in levels. Differences are in annualized percentage

points.
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Figure 1: Permanent increase in public investment
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Figure 2: Permanent firms’ markup decrease
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Figure 3: Permanent increase in subsidies to R&D
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Figure 4: The policy mix
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Figure 5: Ex-ante real interest rate, natural rate of interest, and output gap
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Figure 6: Sensitivity. The policy mix: the role of R&D accumulation.
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Figure 7: Ex-ante real interest rate, natural rate, and output gap. Sensitiv-
ity: the role of R&D accumulation.
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Figure 8: The policy mix. Sensitivity: the timing of implementation.
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Figure 9: Ex-ante real interest rate, natural rate, and output gap. Sensitiv-
ity: the timing of implementation.
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